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The Qinling orogen, which separates the North China Craton from the Yangtze Craton and links the Kunlun and Qilian orogens to the west and Dabie-Sulu orogen to the east, experienced prolonged and multistage continental divergence and convergence ever since Proterozoic [1] . The Qinling orogen is a composite orogenic belt resulting from Paleozoic to Mesozoic extensive subduction and collision, however, Mesoproterozoic to Neoproterozoic orogenic records are widespread. Numerous research works have been done and some different models have been proposed on the Qinling orogen and its tectonic evolution since the Early Paleozoic in particular [1] [2] [3] 
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been an important area for the study of amalgamation and breakup of Rodinia supercontinent [4] [5] [6] [7] [8] [9] [10] . Extensive geochronology researches on Neoproterozoic magmatism in the Qinling orogen carried out in the last two decades enable us to explore the tectonic evolution of the orogen in the Proterozoic. The occurrence of the Songshugou ophiolites (1030 ± 46 Ma, whole rock Sm-Nd isochron [11] ) shows that there existed an ocean basin, i.e., the paleo-Qinling ocean, situated in between North China and Yangtze Craton ~1000 Ma ago. The recognition of Neoproterozoic high pressure metamorphic eclogite and granulite (983 ± 140 Ma, whole rockmineral Sm-Nd isochron [12, 13] ), along with the abundant syncollisional granites, such as the Shangnan granite [14] , the Neoproterozoic adakitic granites located north of the Shangdan fault [15] , the Niujueshan, Dehe, Genzhai, Shichaogou and other extensively deformed pre-aluminous granites in north Qinling [4] , indicate that the North China Craton and Yangtze Craton assembled at 1000-900 Ma. The identification of the weakly deformed, high potassium calc-alkaline post-collisional Cai'ao granite (889 ± 10 Ma, zircon LA-ICPMS U-Pb method), which is characterized by high aluminum, alkali, large ion lithophile elements (LILE), and low high field strength elements (HFSE), shows that the tectonic regime converted from collisional compression to post-collisional extension at ~890 Ma [16] . It is widely accepted that the Tuwushan A-type granite (arfvedsonite granite-K-feldspar granite) signifies that the tectonic scenario of Qinling orogen was of anorogenic or intra-plate rifting at 710-730 Ma [7, 17] . Moreover, some volcanic rocks of 890-710 Ma have been recognized in the Qinling orogen and adjacent areas, such as the Bikou Group volcanic rocks at the northwest margin of the Yangtze Craton and the Yaolinghe Group volcanic rocks in south Qinling; however, their tectonic settings and geodynamic significance are extensively debated [18] [19] [20] . Does the post-collisional tectonic setting of the Qinling orogen last 180 Ma, from ~890 Ma to ~710 Ma? Or rather, when did the post-collsional regime convert to anorogenic or intra-plate in Neoproterozoic? These are important scientific questions in the study of Neoproterozoic tectonic evolution of the Qinling orogen, which have puzzled researchers for decades.
The Luanchuan-Fangcheng alkaline rock and alkali granite belt, which occurs along the Hegou-LuanchuanWeimosi deep-cut fault in the Qinling orogen, stretches from the Pingwu area about 400 km westward through Fangcheng, north Nanzhao, Lushi, Luanchuan to Luonan in Shaanxi Province [21] . To date, the only Neoproterozoic alkali intrusion in this belt with precise isotope dating is the Tuwushan alkali-granite (arfvedsonite granite-K-feldspar granite) which was dated at 711 ± 11 Ma (zircon SHRIMP U-Pb [7] ) ~725 ± 39 Ma (zircon ID-TIMS U-Pb [17] ). Here we report major and trace element concentrations, Nd isotopic compositions, and zircon LA-ICPMS U-Pb dating results of the Fangcheng alkali syenites in the belt, which will provide better constraints on the age and tectonic setting of the syenites and contribute to our understanding of tectonic evolution of the Qinling orogen in the Neoproterozoic as well as the assemblage and breakup of the Rodinia supercontinent.
Geology
The Fangcheng syenites occur in the north Qinling structural domain of the East Qinling orogen, and geographically located in the Tashan-Shuangshan-Songfen area in Yangji Town, 15 km north of the Fangcheng County, Henan Province (Figure 1 ). The syenites intruded the Nannihu Formation and Meiyaogou Formation biotite sericite quartz schist (~800 Ma to ~1000 Ma [22] ) of the Neoproterozoic Luanchuan Group (equivalent to the Qingbaikou Series in North China). The Fangcheng syenites consist mainly of aegirine syenite, hornblende nepheline syenite, and alkali feldspar syenites, with a cropping area of about 7 km 2 . Two intrusives, the Tashan and Shuangshan syenites, were investigated in this study. The former consists mainly of strongly sericitized and epidotized syenite and localized aegirine syenite and aegirine nepheline syenite. The syenites consist mainly of microcline, microperthite, aegirine, and magnesio-biotite. The Shuangshan syenites consist of weakly sericitized and albitized biotite syenite, aegirine syenite and hornblende nepheline syenite, and the characteristics of the rock-forming minerals are: (1) biotite is mainly ferri-biotite with minor phlogopite; (2) feldspars include microcline, albite, and microperthite; (3) nepheline is kalsilite and can be as high as 20% locally; (4) pyroxene is aegirine-augite; and (5) hornblende is sodium-calcium taramite [23] .
Geochemistry
The major, trace element concentrations, and Sm-Nd isotopic compositions of the Fangcheng (Tashan and
